Aim-To evaluate histomorphometrically the optic nerve head in highly myopic eyes with absolute secondary angle closure glaucoma. Methods-Optic disc sections of 16 highly myopic eyes with an axial length of more than 26 mm and of 19 eyes with an axial length of less than 26 mm were histomorphometrically evaluated. All eyes had been enucleated due to painful absolute secondary angle closure glaucoma. 
Remarkable diVerences exist in the optic disc morphology between glaucomatous eyes with high myopia and glaucomatous eyes with normal axial length. Clinical studies have shown that highly myopic eyes compared with emmetropic eyes have an unusually large and abnormally configured optic nerve head with shallow disc cupping and an unusually large parapapillary atrophy. [1] [2] [3] As histomorphometric correlations of these clinical findings in highly myopic eyes are scarce or lacking, [4] [5] [6] [7] the aim of the present investigation was to identify and measure the histological correlates of the ophthalmoscopic features of the optic disc in glaucomatous eyes with high myopia and to describe diVerences between these eyes and glaucomatous eyes without high myopia.
Material and methods
The study included 35 histological sections of 35 globes enucleated due to painful absolute secondary angle closure glaucoma. Various reasons such as perforating corneal injuries had been responsible for the closure of the angle. Medical and surgical therapy such as cyclocryocoagulation did not succeed in reducing intraocular pressure or pain. Posterior to the ora serrata, no surgical intervention had been undertaken. In all sections the retina was attached or only artificially detached.
The eyes were divided in two groups according to axial length. Sixteen eyes had an axial length of more than 26 mm and were considered to be highly myopic; 19 eyes with an axial length of less than 26 mm served as a control group (Table 1) .
According to the selection criteria mean axial length and mean horizontal and vertical globe diameters were significantly (p<0.001; Mann-Whitney test) larger in the highly myopic group than in the non-highly myopic group (Table 1) . The groups did not vary significantly in age (p=0.33) and sex (Table 1) .
All globes were fixed immediately after enucleation in a solution of 4% formaldehyde/1% glutaraldehyde. All globes were opened in an anteroposterior direction. Histological sections 8 µm in thickness going through the pupil and the optic disc were prepared in a routine manner, embedded in paraYn, and stained by the periodic acid SchiV method. The slide which contained the most central part of the optic disc was selected for further evaluation. Both groups contained horizontal and vertical sections in a similar distribution (Table 1) .
Using a microscope and a planimeter, the illuminated cursor of which was mirrored into the microscope, we evaluated on every histological slide the diameter of the optic disc defined as distance between the two inner margins of the sclera, and the depth of the optic cup measured between the inner surface of the lamina cribrosa and three reference lines at the level of the uveoscleral interface, Bruch's membrane, and the retinal surface, respectively. In the parapapillary region, we determined the width of the peripapillary scleral ring defined as distance between the optic disc border and the beginning of Bruch's membrane; the length of zone "B" defined as Bruch's membrane bared of retinal pigment epithelium cells; and the length of zone "A" defined as Bruch's membrane covered with irregularly pigmented retinal pigment epithelium cells. The method has already been explained in detail. 8 9 The study design was unmasked with the examiner knowing to which group the histological sections were assigned. To determine the reproducibility, measurements of zone B of the parapapillary atrophy were repeated five times in randomly selected sections of five eyes of the highly myopic group and in randomly selected sections of five eyes of the non-highly myopic group.
Results
In the highly myopic eyes compared with the non-highly myopic eyes, the optic disc diameter was significantly larger (p=0.01; MannWhitney test) and the optic cup depth measured as distance to the reference level at the retinal surface was significantly (p=0.03) more shallow (Table 2) . Taking into account all measured sections, the optic disc diameter was significantly (p=0.004) correlated with the axial length of the globes (Pearson's correlation coeYcient R = 0.51). In the parapapillary region, the peripapillary scleral ring was significantly (p=0.001) broader and zone B was significantly (p=0.006) larger in the highly myopic group than in the non-highly myopic group ( Table 2) . The values for zone A did not diVer significantly. Taking into account the larger optic disc diameter and the larger width of the scleral ring and zone B in the highly myopic group compared with the non-highly myopic group, area of zone A calculated as width of zone A × circumference of the outer border of zone B was markedly larger in the highly myopic group than in the non-highly myopic group (Figs 1-4) . The coeYcient of reproducibility of the measurements was 10.8%, determined as mean of the standard deviation divided by the mean of the means.
Discussion
The histomorphometric results demonstrate abnormally large optic discs in glaucomatous eyes with high myopia. They confirm intravital measurements of the optic disc on fundus photographs.
1-3 Abnormally large optic discs or "macrodiscs" can be diVerentiated into primary macrodiscs that are present at birth or in the early years of life, and secondary macrodiscs that are acquired. 10 The large optic discs in highly myopic eyes are presumably secondary macrodiscs, since in these eyes the optic disc size is positively correlated with the myopic refractive error. 2 This is confirmed by the correlation between axial length and optic disc diameter in the present study. It suggests that optic discs in highly myopic eyes enlarge due to a myopic stretching of the globe. This stands in contrast with eyes with slight hyperopia or myopia where the optic disc size is independent of the refractive error.
11
The optic cup as measured histomorphometrically in this study was significantly more shallow in the highly myopic eyes than in the non-highly myopic eyes. It agrees with biomorphometric data of an unusually shallow disc cupping in highly myopic eyes with glaucoma. 1 3 In the parapapillary area of the highly myopic eyes, three regions could be diVerentiated histomophometrically.
(1) The region at the border of the optic nerve scleral canal was formed by the inner surface of the peripapillary scleral ring covered only by the remainder of the retinal nerve fibre layer. Photoreceptors, Bruch's membrane, retinal pigment epithelium cells, and choriocapillaris were absent. The width of this region was more than seven times larger in the highly myopic group than in the non-highly myopic group. It corresponds to the whitish zone around the optic disc as observed intravitally or on clinical photographs. The question arises whether vasoactive substances may be able to penetrate to the inner retinal layer in this region. 12 If so, it be may one of the reasons why glaucoma susceptibility may be higher in highly myopic eyes than in emmetropic eyes. 13 14 On fluorescein angiograms of highly myopic eyes, however, leakage of fluorescein is generally not observed in the parapapillary region. 15 16 (2) In the parapapillary region, the peripapillary scleral ring was adjacent to zone B. The latter is histologically characterised by Bruch's membrane devoid of retinal pigment epithelium cells and photoreceptors (Fig 2) . According to indirect and direct clinical histological correlations, the histological zone B corresponds to zone of the parapapillary chorioretinal atrophy as evaluated on ophthalmoscopy. 9 17 18 (3) In the vicinity of zone B, zone A shows an irregular pigmentation of the retinal pigment epithelium. It correlates with zone of the parapapillary atrophy. 8 17 18 Both zones A and B were larger in the highly myopic group than in the non-highly myopic group. This is in agreement with significantly larger and zones in highly myopic eyes with glaucoma than in nonhighly myopic eyes with glaucoma. 1 3 The histology of the parapapillary region explains why the blind spot is enlarged in highly myopic eyes. 19 The abnormally large optic disc itself, the large peripapillary scleral ring, and the unusually large zone B with retinal photoreceptors missing correspond to an abnormally large absolute scotoma. 20 Zone A represents a relative scotoma as shown in recent studies. 20 There are factors limiting the present study.
Eyes with primary open angle glaucoma were not available for histological examination. The question arises, therefore, as to how far the results of the present study can be generalised for highly myopic eyes with primary open angle glaucoma. One cannot exclude the possibility that surgical interventions such as cyclodestructive procedures may have aVected the optic disc morphology. This, however, would account for both study groups since in both groups antiglaucomatous operations anterior to the ora serrata had been performed. The measurements may have been aVected by swelling of the tissue after enucleation before the fixative agent reached the tissue, and the tissue dimensions may have changed by shrinkage as a result of the fixation process itself. These sources of artefact, however, affect all eyes included in the study in a similar manner and may therefore have not induced a larger error when both study groups were compared with each other. Owing to the fact that only eyes with end stage glaucoma were included, this study cannot contribute directly to an early diagnosis of glaucoma. However, the results of the study are helpful to show that in highly myopic eyes with glaucoma, the biomorphometric data of an abnormally large optic disc with shallow disc cupping and a large parapapillary atrophy agree with our histological measurements. It also shows that the whitish region at the outer border of the optic disc in highly myopic eyes with glaucoma is not parapapillary atrophy but the inner surface of the peripapillary scleral ring. This peripapillary scleral ring is covered only by the retinal nerve fibres and the inner limiting membrane (Fig 4) . As in non-highly myopic eyes, it suggests that the thickness of the retinal nerve fibre layer may be measured in the region of the peripapillary scleral ring. This may be important for three dimensional evaluation of the optic nerve head. 
